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(54) PROCESS FOR PRODUaNG SPinTERING TARGET 



(57) A process for producing sputtering targets, 
which comprises molding a mixture of a powder of a 
high-melting sut>stance having a melting point of 900''G 
orabovewithapowderof alowHTielting metal havinga 

FIGURE 1 



melting point of 700^C or t>elow at a temperature below 
the melting point of tiie low-melting metal under heat 
and pressure. 
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TPr^HMICAL FIELD 

sidistance and a kM^melting metal. 

e.er. when these conventional teduiKju^l^^ 
ingsubstance8UChasa4.ighHnelt.ngmetel«c«««c^ffl^ 
rLt because of the phase separatwnduetodrffe^ 

on the other hand. productk)n of dense teigeteftwnam^ ^ 

stance and a tow-meWng metal without using a large machine ly an econonriicai 
tioned drawbacks of the prior art 

pressure. 

40 pR i F F nF.ctr.RiP TION OF nRAWINGS 

F^ellsagraph Which illustratestherelationsh^betw^ntheheaB^ 
prodS^ of^^f«.m a powder mixture omip^ 

« pc QT mnnF FQP r&RRYlNG OUTTHF INVENTION 
l„psrtcuW.»sinvtebod,».eon»oundrf«^^ 
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GaA. fvZnO. Sn-SJ. Sn-Tl. Sn-Zr. Sn<:r. Sn-ZrB,. Sn-ZrSI,. ^^^1^^;^^^^^'^^^ 
fn^toSiSSecSschargeduringfilrnlorm^ 

Inthisspecification^eporosityandtherelativ densHy are represented by equation (1). 

Porosity (%)= (1 -{Bulk density/true densitj^)x100 0) 
Relative density (%HB«J>k<towi^*«« densi^)xlOO 

Thetxilkdensity(gfc.ri3)istt»experiiT«nlaldensitycalculale^ 
^raS^rer^Uetheore^d^^^^^ 

^I^^^J^ta-^noTmeW under heat and pressure are constituted by a mere mixture of the h-gh^neMing 

mSS do not recu'Je *emica. bonds between them, unlike tar,^ produced by 

-T^'^XTeSS'a^er-ot':';:^^ 

:Si:^faSS:^eS™a«ermcSS^ 

«nn nf *rrA^j«Mteraet is much the same as the corrposilion of the raw matenal powder. 

^.tpIS^SfSt rS^al po^ierfepreferattyfrom 1 toaoOpnt Arawmajs^powd^^ 
tides ^S^^^t. is undesirable because the resulting target causes ^^^^nrr^^^ breaks dunng ^- 
t^,^Xanun««,d«^di*Jj^^^ 

''*2:;Snj^daZ^rn«terialp(«^^ 

»^ S^^SS^?^ Sie n^The heating method is not particularly restricted, and in some cases. 

'"^^^ ^U.e « lower than the melting point of the low-me«ing metal ^^^J^^l^ 
SS^IS^re lower than 75»C. a high density is hardly a^^^ 

n^r;Sersi::js^^^s^^ 

"^vS^^^^Se pressure applied for mowing of a target, a pressure of 
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ponent A and component B) is given by equabon (2). 

Preportion(vol%)ofA=(W^/p;,)x100/(W;,/PA+WB/PB) 
HereW,^Wearew.g.^(^^c«r^«-Aa«.B.respec«ve.y.andp.«^Psare*emeore^ 

(gtan?) of oomponenls A and B. ffsjf***'^. „ d^.. and liable to plastic deformation as to be deformaWe 
Lo^meltingmetals(6uchasln.Sn.ZnandA0^so^^^ 

under pressure. Whereas, they requ^ veryNgh P^^^^^^^^s. a po«der of such a kM-melting metal 

sure-msmakesitpossibletocontrdthepem^ne^^ iSeiefore such a molding operation improves 

mal hysteresis belo« 0.05 % based on «^ '^'^J , °^ ^T^^L'^eri^^ 

dim«Son stability of targets and solves f^^^S^^^^TeSdlS^^ ' 

Targets obtained according to the V'^^^^ ^^^^ l^'^S^nb^ ^ o^^^ 
nowlu added pf^or «hft same conroositron j n .rffniynf i mft re^wa. 

"nSSS^ii^SSTon and '^^^^^ Sl^^'aCSS^ according to the present inven«on can be 
In thes^hondim a tarnfl aryl a ^^f^^'^,^^^ ptete m the same m anner as in its pro ducbon 
tx,nd^toa^^ ty Pr^ngtf^ ^,,,^^^ :^m^S:^ -s -.nter- 



EXAMPLE 1 
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partd.*.*)^ h»in» apart* size*- 

diameter of 6 inch. ^.„e« Torino to form a Sn-Si composite oodde thin film. The thin tnm 

Theresultingtargetwasusedinoadationreact^esp^e^^ 

wasasuffidentlyoxidizedthinf.lmandtra,^ent^^^ 
as that of the target The target «as cpite d^^^ 

.onj;;r:^etrr^rda"d:^^^ 

highly unifbm, composition distribution and density distrtoJtion. 
EXAMPLE 2 

^»^^p.«».-.,u^™-™'»-'--;s2na'^X°S^ 
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Table 1 
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Raw material powder 




Relative density 


Low-melting metal 


High-melting 8ut)6tance 






Sn(vol%) 


Si(vol%) 






15 


85 




80 


20 


80 


Ann 
4UU 


82 


30 


fx) 




Ad 


35 


65 


400 


87 


40 


60 


400 


94 


50 


50 


400 


97 


70 


30 


350 


98 


90 


10 


350 


99 



30 



EXAMPLES 

i„.«!i tara^ were oreoared by using raw material powders having different conposHions shown in Table 2 in the 
Sn^iures. TiZeWng point of In is 156-0. Table 2 sho«s the conpoafcons of the raw matenal powders, the 

f.l,ns^SSy^^SlmsandtranSrent.a«^ 

STslTSmS^Setarget The tanjets were quite difficult to break, and no abnormal d«charge occuned dunng 

the Sputtering. 



Table 2 





Raw materia) powder 


Pressure 


Relative density 


35 


Low-melting metal 


High-melting substance 






ln(vol%) 


Si(vol%) 


(kgf/cnrO 


(%) 




15 


85 


400 


80 


40 


20 


80 


400 


85 




30 


70 


400 


87 




35 


65 


350 


90 




40 


60 


350 


94 


45 


50 


50 


350 


97 
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90 


10 
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99 
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EXAMPLE 4 

7n Cr taraets were prepared by using raw material powdeis having difference compositions shown in Table 3 in the 
sam?r;^^'?S^butwl,rprelin.narypressn^^^^^ 

under various molding pressures. The melting point of Zn b 420»C. and that of Cr is 1 905 Q Table 3 shows me 
^^^^Zl^L powders, the pressure applied to p«xluce targets and the relatr* densites of the 

'"^Te ^ were used in oxidation reactive sputtering to form Zn-Cr composite oxide thin f nms. The resulting thin 
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films were suBidently OKkfaedlhin films and transpaiw^ andtheZn^r ratios (atomic «tio^were ^^^^^ 







Tabled 
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Raw material powder 


Pressure 


Relative density 




Low-metting metal 


High-melting substance 








Zn(vol%) 


Cr(vol%) 




(%) 


10 


15 


85 


400 


80 




20 


80 


400 


82 




30 


70 


400 


84 




" 35 


65 


400 


87 


IS 


40 


60 


400 


94 




50 


SO 


400 


97 




70 


30 


350 


98 


20 


90 


10 


300 


99 



2S 



30 



35 



EXAMPLES 

M taraets were prepared by using the same raw material powder in the same manner as in Example 1 but vwth- 

are shown in Table 4. 
COMPARATIVE EXAMPLE 1 

5 and the coelf iderrt of pemianent expansion was measured. The results are shown in TaUe 4. 



Tal3le4 





Raw material powder 


Tempera- 
ture fC) 


Pressure 
(kgf/cm2) 


Demei 


ision 


Coefficient 
of perma- 
nent expan- 
sion (%) 




Sn 


Si 






Before heat- 
ing 


After heating 




Examples 

Comparative 
Exarriplel 


57 
57 


43 
43 


220 
25 


400 
3500 


100.00 
100.00 


100.02 
100.40 


0.02 
0.40 



40 



45 



SO 



55 



Table 4 indicates that the targets obtained according to the present invention has excellent dimension stability 
against heating and has an extremely small coefficient of permanent expansion. 

iNni IRTRIAL APPLICABILITY 

The present invention p««ride dense composite targets composed of a high-mefting substance and a lowing 
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metalwhk*,areunitormandquitetfiffieutttobreakai^ porosities not higher than 10%. 

Targetsotteined according tothepresemir^enti^ 
nitride or cariaide thin films tvunreaclive spattering. i /wWo nnnte 

iSy targets obtained according to the present indention can also l« used to tbrmat.cn of compoGrte a»de. nrtnde 
or caibide thin films by oxidation, nitrogenation or caibonigation reactive sputtenng. 

iJ^ to Sr^^by prising the target placed on the baddng plate in the same manner as « rts producbon 
STS^ h^ d s«erS hundreds 'C. which is employed in usual bonding processes. 



Claims 
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A aocBSS for producing sputtering targets, which comprises molding a mixture of a powder of a high-melting sito- 
Uf^^ • «f qoo»C or above with a powder of a low-melting metal having a melting pant of 

2 Tha DTocess lor orodudng sputtering targets according to Claim 1. wherein the heating temperature is not lower 
JS^'S^lSS^STmelSg^mofthelow-meltingmea^ 

kgltan^. 

3. The orocess for producing sputtering targets according to Claim 1 . wherein the heating t^rperalureis tt«n 

4. The pnjcess for producing sputtering targets according to any one of Claims 1 to 3. wherein the mixture contains 
from 20 to 95 vol% of the powder of the low-melting metal. 

K T>.onrnr«KfifcxDr«ludnasouttering1argetsacoortingtoanyoneofClaims1to4.wh^ 
S^SS^^SS^STsinieboiyorac^ 
consisting of Zr. Tl Ta, »f.Mo.VI.Nb. U. Si. Ni. C, B and Cr. 

6. Theprocessforprodudngsputteringtargetsacco,dingtoanyoneofaaims1to5.w^^^^ 
melt£gn«fal is a powder of at least one metal selects 
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